Abstract-Context-aware systems can dynamically adapt to specific dynamic user situations to provide smarter mobile services. In general, context refers to the information that can be used to characterize these situations, and context models are employed to specify contextual information described in contextaware systems. However, even though user context is highly dynamic, existing context models either focus on modeling static views of context or lack appropriate design abstractions to deal with dynamic aspects and interactions involving contextual elements such location, time, user roles, social relationships, changing preferences and virtual environments. In this paper, we present a dynamic user-centric mobile context model that can be used to model the aspects of context-aware systems that are subject to frequent changes. We illustrate the applicability of our approach by describing a case study on mobile e-healthcare. Benefits of these models include avoiding the development of context-aware systems from scratch, enabling future use of model-driven approaches, and reducing implementation effort.
INTRODUCTION
Context-aware systems can dynamically adapt to specific user situations to provide smarter services, and reduce the frequency of required manual inputs. In general, context refers to any information that is relevant to the user and his/her surroundings. Context is defined by Abowd et al. in the following way:
"Context is any information that can be used to characterize the situation of an entity. An entity is a person, place, or object that is considered relevant to the interaction between a user and an application, including the user and applications themselves" [1] .
Context-aware systems have been proposed in various domains such as smart homes [2] or meeting rooms [3] , smart office [4] , and museum guidance systems [5] . We focus on the domain of mobile applications. Context-aware mobile applications will be able to provide more personalized and adequate services to users and reduce the manual tasks. However, current mobile phones only allow a few degrees of personalization, such as changing themes and installing new applications. Our research focuses on a context model that is dynamic and user-centric, and we apply it to the mobile application domain. Context models capture the relevant contextual information to be considered in context-aware systems. This contextual information can be categorized into different dimensions, such as social relationships, user roles, location, time, and environments. These dimensions can be seen as the fundamental primitive elements in a context model. The benefits brought by focusing on context models rather than on the low-level system details include avoiding the development of these systems from scratch each time a new system is needed, enabling future use of model-driven approaches, and reducing implementation effort.
Context is highly dynamic and is constantly subject to changes. Changes in one contextual element may propagate to other contextual elements. These changes are the dynamic interactions between contextual elements. For example, after a user arrives at work and during work hours, the role of this user changes. In addition, the user may then have a different set of preferences related to the new role. However, the dynamic interactions between contextual elements have not been fully represented. The existing context models often focus on modeling static association among different contextual elements. There is a lack of appropriate design abstractions to deal with dynamic aspects and interactions involving contextual elements such as location, time, user roles, preferences, and social relationships. Most of the current context models focus on contextual elements related to underlying devices and network implementation infrastructures. However, context-aware systems have to adapt to users' situations to provide user-friendly and adequate services. Thus, user context should be considered in depth. Most of the existing context models do not consider virtual environments even though online interaction has become very popular. In contrast, our approach focuses on a user-centric perspective that addresses user needs though user-friendly and adaptive services. We take into account the highly dynamic features of mobile context as well as the changes in virtual environments that occur when users engage in online interactions and video conferencing.
In this paper, we propose a context model that is dynamic and user-centric for mobile context-aware systems. Our model can be used to represent aspects of context-aware systems that are subject to frequent changes. We illustrate the applicability of our approach by describing a case study on mobile ehealthcare. We consider the dynamic interactions among fundamental contextual elements as well as three essential user context elements (i.e., user roles, preferences, and social relationships). Users have a set of roles and preferences. One of the roles would be the most dominant role at one point in time, and this role takes precedence over other roles. The same is true for preference context. For social relationships, we consider it as more than just person-to-person relationships. We allow it to include contextual information such as interest and location in social relationships. We also consider the possibility and impact of a virtual world on the dynamic user interactions.
Our contributions include the proposal of a dynamic usercentric context model applying to the mobile application domain, the description of the dynamics in some of the contextual interactions, and the presentation of a case study on mobile e-healthcare that illustrates the usefulness and applicability of our approach. We describe our design using class and sequence diagrams. Our user-centric model illustrates the dynamic interactions between contextual elements, represents essential user contextual elements, and incorporates virtual environment interactions.
II. RELATED WORK
Research on context-aware systems has focused on many different areas. It ranges from application-level implementations to frameworks and context models, and its applications cover various domains. For example, the UbiqMuseum project [6] makes use of the Bluetooth technology to provide museum exhibit visitors with information that is suitable for their knowledge level and their preference of language. For shoppers, SMMART [7] provides personalized promotions for customers close to or inside a retail store based on their shopping habits and preferences. For tourists, Murshid [8] proposes a context-aware tour guiding mobile application that takes user preference into consideration to provides potential interested materials. CAPSIS [9] is designed to improve patient safety in the operating room during surgery by applying context-awareness to safety-critical systems. LoCa [10] provides a context-aware infrastructure that has dynamically adaptable user interface and workflow, and it can be used to monitor patients who are out-of-hospital in a digital home environment. Context Toolkit [11, 12] hides the complexity, abstracts context information, and provides building blocks to aid the development of context-aware applications. With a similar purpose, Vukovi , Kotsovinos and Robinson [13] propose a framework to rapidly compose context-aware systems based on user requests and current demands.
GraphicalCM [14] and SOCAM [15] model the dynamic interactions between contextual elements as dependencies between the associations. Associations describe relationships between contextual elements. However, the dependencies considered by GraphicalCM only relate to location context elements. Context element dependencies in SOCAM focus mainly on sensor-based context elements such as location and weather conditions. Our context model considers dynamic interactions between user contexts.
Most context-aware systems have focused on system and location context while providing partial support for user context. SOUPA [16] is an ontology designed to support pervasive applications, and it models intelligent agents and other relevant information. Even though SOUPA is one of the most comprehensive context models, it does not model dynamic context changes and interactions. CoDAMoS [17] models both preferences and roles, but it does not model the dynamic interactions between these elements. COMANTO [18] and U-Learning [19] both model social relationships. However, COMANTO only consider social relationships as person-to-person relationships. U-Learning models social profiles that include friends and their expertise. However, we believe that social relationships should take into consideration the dynamic aspect of user interactions and include additional model elements such as location and common interests. Our context model considers user context, such as roles, preferences, and social relationships and extra social relationship related elements such as interest and background. Jan, Ko, and Woo [20] propose a user-centric context model that represents contextual information through six categories, namely who, where, when, what, how and why. The user profile, preferences, and tasks are modeled. However, we see a need to model additional user context such as roles and social relationships.
Finally, current models focus more on modeling the physical environment. Examples of physical environment related properties include weather condition, movement, and light level [21] . Virtual environment has not gained its attention yet. It refers to the environment where objects may not have physical presence. Online gaming, video conference, and a wireless network are examples of virtual environments. With respect to modeling virtual environment, XCM [22] defines virtual environment as the social environment. An entity in a social environment refers to the capability to belong to a social structure. For example, a person can belong to a soccer team. However, there is little support for virtual environments that are bounded by locations.
III. DESIGN
Context changes frequently, but current context models do not focus on the dynamic interactions that result from those changes. Context-aware systems need to be able adapt according to a user's context and assist a user with his current activities. Current context models lack support for representing these dynamic interactions, particularly those involving changes in location and virtual environments. In contrast, our goal is to provide a user-centric context model that supports dynamic context element interactions and virtual environments.
The basis of our context model is the user. The user models a person as well as his context. We consider three main types of user context. They are roles, preferences, and social relationships. Users have a set of potential profiles, roles and preferences, and they engage in tasks. Preferences describe users' desires for different services or different device behaviours for different situations. Social relationships are more than just a relationship involving two individuals. They may include other elements such as location, preferences and roles. Users are in a physical environment but may or may not be in virtual environments. Fig. 1 shows the overall design of our context model.
Our model also supports the relationships between a user's context elements. These relationships are dependencies present between the different context elements. These dependencies allow the context elements to adapt to changes in other context elements. This capability reflects the dynamic nature of a user's context. As a user's context changes, the model is able to represent those changes based on the relationships between different context elements.
For example, a user may enter a new environment and this change triggers a change in the user's context, enabling a new role. This change may result in further changes in other context elements such as tasks, profiles and preferences. A role may define new tasks that are available to the user. A profile may add a new set of preferences to the existing set of preferences.
These dynamic interactions can be specified through sequence diagrams. Fig. 2 shows the interactions among context elements, task, profile, role, and preference. This sequence diagram illustrates the dynamic changes triggered by a change in task. This change is propagated to user profile which updates itself. The profile then notifies the role and the preference elements in parallel. Both role and preference may respond to this notification and result in further changes in the user context. For example, the user just finished with his exam, and he marks it off from his to-do list. The profile is updated to reflect that the task is done and the time needed for studying decreases. The user role changes from a student role to leisure role. The user's preference changes form prioritizing study time to prioritizing entertainment. Fig. 3 illustrates dynamic changes triggered by a change in task as well, and it shows the interactions among context elements, task, role, and preference. The role and the preference elements are notified in parallel regarding the change in task and may update themselves. The role change may result in additional changes in the preference element.
Our model also supports virtual environments that may be restricted to specific locations or regions. Physical environments refer to the world where objects have a physical presence. Virtual environments refer to the world where objects may not have a physical presence such as an online chat room. Every environment is associated with a location. A virtual environment has a virtual location such as an URL or a location in a game. Time can qualify an environment. For example, a room is only qualified to be a meeting room at the meeting time.
A person can be in a physical and a virtual environment at the same time. For example, this person could be at his work office and at the same time participating in a video-conference with a team located in another continent. He may have different roles in each of these two environments. Our model is able to capture these different aspects of the user context both in the physical and virtual world.
In the following subsections, we present the different views of our context model in more detail. Each view models a different aspect of the context model, namely the role view, the task and profile view and the social relationship view.
A. Role View
Roles represent identities played by users. Profile defines a set of potential roles. One of the roles would be the dominant one at one point in time. The dominant role depends on the environment and the task. A change in the environment or task triggers a change in role. A role change may further trigger changes in the preference element. Fig. 4 shows a detailed view of the role element.
B. Task and Profile View
A task describes what the user's current activity is. When a change in task takes place, it triggers further changes in the profile, role, and preference elements.
A profile records users' demographic information, preferences, and roles. Profile allows users to define potential preferences and roles. Users can also define dynamic preferences such as a desire to see the professional profile of others when users are around colleagues. Fig. 5 shows a detailed view of the task and the profile.
C. Social Relationship View
A social relationship exists between two users. Social relationships between two people may involve common attributes such as location (e.g., from where you know this person), organization, role (e.g., teacher-student association), and preference to describe more information about the relationship. A group consists of users who have the same type of social relationship with a given user. The change in the group around this given user may trigger changes in this user's preference. Fig. 6 shows a detailed view of social relationship and group.
IV. CASE STUDY
We present a mobile e-healthcare case study that illustrates how a user-centric dynamic context-model can help healthcare professionals in their daily work. We extend the scenario described in [23] to include social relationships and preferences on top of location, time, and role. We assume Angela is a nurse working at a hospital. Her schedule consists of mostly morning and afternoon shifts, with occasional evening shifts.
We will outline Angela's activities, the mobile device's actions, and the behaviours of the components in our context model.
As Angela approaches the hospital building, close to her shift time, her mobile device establishes a connection with the hospital network, and gives Angela partial access to her work. In our model, the virtual environment component receives notification from the Wi-Fi module, and the hospital network is available to Angela based on her current location and time. The Wi-Fi module connects to the hospital network and notifies the virtual environment component, which updates itself to HospitalNetworkVirtualEnvironment. This change in the virtual environment component propagates to the role component which updates the current dominant role to VirtualNurse.
Once she enters the hospital, the mobile device changes her role to Nurse and gives her full access to patient files. The device changes to vibrate mode and displays her work related task list. In the model, the physical environment component receives an update on Angela's location from the location sensors. It verifies that Angela is located within her office boundaries in the hospital. The physical environment component also checks the current time and Angela's shift time. It changes to WorkEnvironment and notifies the role component. The role component changes the dominant role to Nurse, and propagates this change to the preference component. The preference component adapts to the new role by setting the dominant set of preferences to ProfessionalMode which matches the Nurse role.
Angela starts her routine checks on patients, and her role is updated to CheckupNurse. Her preferences change accordingly, with the mobile device configured to display a brief profile of the next patient and the remaining time she has for the current patient based on number of patients and available time left. In the model, the task component determines that Angela is currently checking up patients based on her calendar and her current location. It updates the current task to be CheckingUpPatients. This change propagates to the role component, and the role component updates itself to CheckupNurse. This change triggers a notification that is sent to the preference component. The preference component updates itself to facilitate the tasks that a checkup nurse has to perform.
Angela enters a patient's room where she is the first nurse checking on the patient after Dr. Smith's visit. Dr. Smith left instructions for the next nurse to take the patient's blood sample for a blood test. Her mobile device updates her role to ExtraDutyNurse, and her task list is updated with the new task set by Dr. Smith. Angela logs her actions and observations on the patient. Dr. Smith will automatically receive the log. In the model, the physical environment component receives an update on Angela's location and verifies that Angela is within a patient's room boundaries. Angela is the first nurse after the doctor's visit. The physical environment component updates itself to SpecialInstructionAvailableEnvironment. This change is propagated to the role component, which changes the dominant role to ExtraDutyNurse. This update then triggers another notification which is sent to the preference component. It updates the dominant set of preferences to ExtraDutyNurseHelp based on the previously defined rules to facilitate the new ExtraDutyNurse role. The object diagram shown in Fig. 7 demonstrates a partial instantiation of our context model to describe the dynamic interactions between environments, roles, and preferences. Fig. 8 shows the sequence of these dynamic interactions.
After Angela's shift, she attends a patient care workshop. During the after-workshop tea meeting, the mobile device displays names of people sitting at the same table and their professional information. It helps Angela to remember names Figure 7 . Object diagram describing dyanmic interactions between environments, roles, and preferences Figure 8 . Sequence of dyanmic interaction described between environments, roles, and preference of the other attendees. In the model, the role component receives a notification from the physical environment component, and the user is currently in the workshop environment. The role component updates the dominant role to WorkshopAttendee and notifies the preference component about this change. During the tea meeting, the task component updates itself to HavingTeaMeeting and notifies the preference component. The group component receives a notification from the Bluetooth module that a group of users characterized by work related social relationships is around Angela. The group component updates itself to CoworkersAround and notifies the preference component. Based on the updates from role, task, and group components, the preference component updates itself to facilitate the tea meeting with work related friends in the workshop.
This case study showcases the dynamic interactions modeled by our user-centric context model. It also demonstrates how these interactions can benefit context-aware applications and its users.
V. CONCLUSION
We have presented a dynamic user-centric context model and a case study on e-healthcare to illustrate dynamic interactions among the contextual elements. Our design encapsulates the dynamic behaviour of context-aware systems and essential user context abstractions such as roles, preferences, and social relationships. It also considers the possibility of dynamic interactions involving virtual environments. Our design can be used for the development a mobile context-aware systems that need to be highly dynamic and user-centric.
